Using an evidence-based approach to available clinical studies, the authors examined the role of reoperation in the management of malignant glioma. A review of 1270 Medline-referenced articles spanning the period from 1966 through March 1998 was undertaken using the key words "glioblastoma" and "astrocytoma." Using an evidence-based four-tiered grading system, the authors found only 14 articles that met their inclusion criteria. Of these, 11 were graded as Class III (retrospective case series) and three as Class II (prospective nonrandomized studies). There were no Class I reports (randomized clinical trials), and all Class IV reports (opinion reports) were excluded. The authors of 10 Class III and one Class II articles supported the role of reoperation in increasing survival time or quality of life in selected patients; however, the results of multivariate analysis in two Class II and one Class III article did not support prolonged survival. The authors conclude that there was insufficient evidence to support either a standard or a guideline for reoperation in malignant glioma given the current status of the literature. Selection bias was a major factor in these studies. With continued interest in clinical trials for recurrent malignant glioma, the role of reoperation needs to be addressed in case-controlled or randomized fashion to establish either standards or guidelines on this commonly debated issue.
Despite advances in molecular genetics and increasingly sophisticated treatment strategies, the survival data for patients with malignant glioma has changed little in the last 20 years. Patients generally undergo surgical resection coupled with radiation therapy and adjuvant chemotherapy. With rare exception, these lesions recur locally, and consideration of additional treatment is required. Depending on the patients' status and the opinion of the surgeon, patients often undergo a second cytoreductive procedure that may be coupled with another form of adjuvant therapy. Although this is a common clinical practice, there is relatively little scientific evidence documenting the effects of a second operation. To evaluate the role of a second operation in management of glioblastoma (GBM), we have examined the available literature on reoperation procedures using an evidence-based technique.
REVIEW OF THE LITERATURE
Evidence-based guidelines have been used in a variety of clinical fields as a method of building the scientific foundation of medical practice in a particular area of study. [1, 15] We attempted to address the question: Does reoperation for malignant glioma at the time of recurrence improve life expectancy and/or quality of life? Expecting relatively few studies addressing this issue, we defined our inclusion criteria rather broadly. We proposed to include all Class I, II, and III studies that provided survival and/or quality-of-life measures in at least 10 patients undergoing a second cytoreductive surgical procedure in whom a diagnosis of malignant glioma was made at the time of the second operation (World Health Organization Grades III and IV). A Medline literature search was made for articles written during the period from 1966 through March 1998, by using the key words "astrocytoma" or "glioblastoma," and cross referenced with the terms "operation," "surgery," and "reoperation." We reviewed abstracts published in the English language for relevance, and studies addressing the primary question were selected for review and classification. A consensus on the rating of each paper was made as a group, and thus, interobserver reliability is not reported. The data were placed into an evidentiary table with recommendations made based on the volume and class of data. No attempt was made to judge the quality of the paper beyond the classification method described.
Based on previously published methodology, [1, 15] the classification of articles and basis of review were as follows: Class I evidence, prospective randomized controlled trials; Class II, clinical series with prospective data collection or retrospective analysis of reliable data (observational studies, cohort studies, case control, prevalence studies); Class III, retrospectively collected data (clinical series, registries, databases); and Class IV evidence, anecdotal (case reports, testimony, theory, common sense). Recommendation were categorized by degree of certainty: standards: accepted patient management with a high degree of certainty (Class I or very strong Class II evidence); guidelines: strategy with moderate clinical certainty (Class II or preponderance of Class III evidence); and options: suggestions that may guide future research (Class III evidence)
RESULTS
The Medline search yielded 11,914 articles written from 1966 through March 1998 in which the key words "glioblastoma" and "astrocytoma" were used. Cross referencing with the key words "operation," "surgery," and "reoperation" limited the result to 1270 articles. This subset then underwent abstract review. From these references, 14 articles were found to contain data addressing reoperation of malignant glioma, and these were classified and the results tabulated in an evidentiary table (Table 1) . We found no prospective, randomized controlled trials (Class I) directly addressing the issue of reoperation. Three studies were found in which the data were collected prospectively, either as a portion of a randomized trial addressing another issue or as part of an ongoing treatment strategy compared to historical controls (Class II). The 11 remaining studies were case series that included at least 10 patients and from which reoperation information could be extracted (Class III). Nonrelevant articles, case reports and opinion papers were omitted from further consideration for our purposes, although undoubtedly these contained interesting and potentially useful clinical information.
Based on this review the following conclusions could be made: 1) there is insufficient evidentiary data in the literature for the creation of a treatment standard; 2) there is insufficient evidentiary data in the literature for the creation of a guideline; and 3) reoperation in patients with recurrent malignant glioma is an option that may benefit select patients. Whether a second operation at the time of recurrence in patients with malignant glioma prolongs survival is unclear. However, there is evidence to suggest that reoperation may improve quality of life. Nonetheless, the role of reoperation in malignant glioma is not well delineated and should be considered for incorporation into the planning of clinical trials that address adjuvant therapy either in case-controlled or randomized fashion.
DISCUSSION
The value of reoperation in the management of recurrent malignant glioma remains unclear. Review of the available literature does demonstrate that reoperation for high-grade astrocytoma and glioblastoma can be accomplished with relatively low surgical mortality and morbidity rates. If we limit our inclusion criteria to only prospective data, we would conclude that reoperation can prolong time to progression, [9] which implies better quality of life, but the effect on overall patient survival time is not clear. [9, 10, 12] Unfortunately, even the prospective studies are questionable on the issue of reoperation alone, because none was specifically designed to address this issue in isolation. Adding the Class III studies would allow us to also suggest that patients either maintain their current performance or improve following a second procedure. A Karnofsky Performance Scale (KPS) score of at least 60 to 70 at the time of reoperation appears to affect the time to progression. [3, 16] Overall, the authors of one Class II [10] and 10 Class III studies [2] [3] [4] [6] [7] [8] [11] [12] [13] [14] 16] suggest that operation for recurrent tumor benefits the patient, either through prolonged survival when compared with historical controls or in delaying the time to progression. However, results from two Class II [9, 12] and one Class III [5] articles were unable to demonstrate a survival advantage when compared with similar patients controlled for KPS scores and age or by using multivariate analysis. All of the studies are biased by uncontrolled patient selection, leaving us to conclude that although there is evidence to support the role of reoperation in selected patients, this evidence at best can provide a treatment option. Guidelines and standards for appropriate patient selection must await additional study.
Evidenced-based review of the medical literature is beneficial in reviewing the available papers on a given topic of interest, as well as in pointing out the significant difficulty of comparing various reports and various groups within the same study. It also provides a methodology for ranking and assigning a weight to individual reports. Our search was limited to articles published with at least English-language abstracts. It is possible that valuable studies published in the international literature were omitted inadvertantly. It is also conceivable that additional articles of relevance did not come to our attention becuase of the limitations of our search criteria. We intended to address a relatively straightforward issue and were quickly surprised to find the overwhelming influence of selection bias apparent in the reported series. There was also a surprising lack of prospectively collected data; the majority of studies available represented retrospective case series. Whereas it is impractical to address many clinical issues with randomized trials, the treatment of malignant glioma is particularly suited to randomization because the overall treatment response is so poor, particularly in Grade IV recurrent tumors. It would appear likely that, with more sophisticated treatment protocols under development, the issue of reoperation alone as a factor could be addressed, at least as a case-controlled issue.
CONCLUSIONS
There is insufficient evidence to formulate either a treatment standard or guideline on the role of reoperation in malignant glioma. Reoperation can be accomplished with acceptable morbidity rates and appears to benefit selected patients. The prospective data available conflict with respect to overall survival, but time to progression (quality of life) appears to be enhanced with reoperation in selected patients. These issues need to be addressed in the context of prospective clinical trials using case-controlled or randomized protocols.
